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[57] ABSTRACT

Position registration of sheets in a feed path is achieved
without guides or gates. Laterally separated drive rolls
are speed controlled to correct for skew mispositioning.
Lateral registration is achieved by translation of the
drive rolls transversely to the direction of sheet move-
ment. Longitudinal registration is controlled by varying
the speeds of the drnive rollers equally. The system re-
duces the required paper path length to achieve correct-
registration, thereby allowing higher speed operation.

19 Claims, 3 Drawing Sheets
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TRANSLATING ELECTRONIC REGISTRATION
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to positioning of sheets in a
feed path. It particularly relates to positioning sheets of
paper in a feed path for subsequent processing such as
electrophotographic reproduction.

2. Description of the Related Art

Conventional sheet aligning mechanisms for equip-
ment using paper feed stocks, such as electrophoto-
graphic reproduction equipment, use crossed nip rollers
in conjunction with fixed guides and gates for position-
ing paper. Such systems commonly use sheet driving
rolls which push the sheets against such guides and
gates. These conventional systems have many draw-
backs. If the guide and gate surfaces with excessive
force, the edges of the sheets can be bent or crumpled.
This condition occurs especially with lightweight pa-
pers and causes problems in downstream feeding of the
paper. Thus, each system must be carefully set up for a
narrow range of paper weight to provide sufficient
drive force for movement of the sheet without damag-
ing the sheet as it is driven against a guide or gate. In
addition, undesirable dust is formed as a result of the
impact and sliding of the paper against the hard guide
surfaces. Further, duplex copying requires an additional
station to shift the sheet laterally before it 1s returned to
the cross roll feeder for re-feeding, so that the sheet can
be realigned by the cross roll feeder against the guide.
In addition, such systems are prone to drive roll slip-
page which can cause misregistration and smearing.

Sheet guide systems for shifting the lateral position of
the guide have been proposed and are shown in U.S.
Pat. Nos. 4,799,084 and 4,805,892. However, these sys-
tems do not provide for skew adjustment of the sheet
and do not gate the sheet for downstream operations.

Belt-type feeders with variable edge distancing have
been proposed for providing skew correction of sheets.
Such designs are shown in U.S. Pat. Nos. 3,754,826 and
4,082,456. However, such arrangements do not provide
precise lateral and longitudinal positioning of the sheet.

Sheet aligners without guides, using drive rollers for
sheet alignment have also been proposed. One such
design is disclosed in U.S. Pat. Nos. 4,438,917 and
4,511,242, However, this design has several drawbacks
including the need for initially feeding sheets at a signifi-
cant skew angle to the aligning rolls and sensor system.
This unduly complicates the feeding system and re-
quires a longer feed path to achieve sheet alignment.
This has an adverse effect on the speed at which the
aligner can perform its function and limits its capacity.
In addition, the longer feed path results in an overall
increase in the size of the equipment.. Further, the elec-
tronic comntrol systems required for this design are rela-
tively complex and costly.

OBJECTS AND SUMMARY OF THE
INVENTION

It is an object of this invention to improve apparatus
for aligning sheets in a feed path.

It is further an object of the invention to provide high
speed alignment without the use of edge guides or gates.
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It is further an object of the invention to minimize the
space requirements of apparatus for aligning sheets in a
feed path.

It is also an object of the invention to provide for top
edge registration of sheets without the need for offsets,
canted transports or staggered feeders.

It is another object of the invention to provide a sheet
aligner capable of aligning sheets having a wide range
of weights and thicknesses.

These and other objects are achieved, and the short-
comings discussed above are overcome, by a registra-
tion system having two nip rolls for driving the sheet, at
least one of the rolls having a controilable drive which
can vary the speed of the associated nip roll with re-
spect to the other nip roll. Sensors are provided for
detecting skew of the sheet to control the variable speed
motor. Alternately, the speed of both nip rollers is con-
trollable to effect skew alignment and longitudinal gat-
ing. The nip rollers are mounted on a carriage movable
transversely with respect to the feed path. A sensor
system controls positioning of the carriage to achieve
the desired top edge or a lateral positioning of the sheet.
Independent control of nip roll drive and carnage trans-
lation provides simultaneous alignment in lateral and
longitudinal directions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with refer-
ence to the following drawings in which like reference
numerals refer to like elements and wherein:

FIG. 1 is an isometric view of a sheet registration
system in accordance with the invention;

FIG. 2 is a top plan view of the sheet registration
system shown 1n FIG. 1;

F1G. 3 is a schematic illustration of a sheet positioner
showing the placement of sheet location sensors;

FIG. 4 is a block diagram of control circuitry for one
form of sheet registration system; and
- FIG. 5 shows typical motion profiles for the drive
rolls and translating carriage.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FI1G. 1 illustrates one embodiment of a sheet registra-
tion system in accordance with the invention. The sys-
tem places a sheet S into proper alignment or registra-

tion for downstream processing as the sheet travels in

the direction shown by arrow F. The registration unit
10 includes a carriage 12 having two drive rolls 14 and
16 rotatable mounted thereon by suitable means. The
drive rolls 14 and 16 are driven by drive motors 18 and
20, respectively. The drive motors 18 and 20 are prefer-
ably speed controllable stepper motors, although other
types of speed controllable servo motors are usable. The
rotary output of each motor 18, 20 is transmitted to the
respective drive roll 14, 16 by suitable power transmis-
sion means, such as belts 22, 24.

Above drive roll 14 there is rotatably mounted by
suitable means a nip roll 26. A similar nip roll 28 is
mounted above drive roll 16. Advantageously, the nip
rolls 26 and 28 are commonly coaxially mounted for
rotation about the axis of a cross shaft 30, which is
mounted on the carriage 12. The roll pairs 14, 26 and 16,
28 engage the sheet S and drive it through the reglstra-
tion unit 10.

The carriage 12 is mounted for movement trans-
versely of the direction of feed indicated by arrow F. In
the arrangement of FIG. 1, this is accomplished by
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mounting one edge of the carriage 12 on the guide 32,
which extends perpendicularly to the direction of sheet
feed. The guide 32 is supported on the frame on which
the registration system is mounted by a pair of opposed
supports 34q and 3456. The carriage 12 is mounted on the
guide 32 by a pair of bearings 36 and 38, which are
slidably received on the guide 32.

Referring to FIG. 2, the carriage 12 is moved trans-
versely of the feed path by a drive system including a
speed controllable stepper motor 40 or other similar
speed controllable servo motor. The output shaft of the
motor 40 drives a lead screw 42 which is rotatably
supported at the end opposite the motor by a suitable
bearing support 44. The motor 40 and support 44 are
mounted on the frame of the equipment in which the
registration system is used. A block 46 having an inter-
nally threaded bore is mounted on the carriage. The
threads of the internal bore of the block 46 engage the
threads of the lead screw and it will be readily appreci-
ated that as the motor 40 rotates the lead screw 42, the
carriage will be driven transversely as the block 42

travels along lead screw 42. The direction of rotation of

motor 40 governs the direction of movement of the
carriage 12.

Referring again to FIG. 1 the registration system
inciudes detectors for detecting the position of the sheet
with respect to the registration system. Preferably, the
detectors are optical detectors which will detect the
presence of edges of the sheet S. For lead edge detec-
tion of the sheet, two detectors 48 and 50 are mounted
on the carriage 12 adjacent the drive rolls 14 and 16
respectively. The detectors 48 and 50 detect the leading
edge of the sheet S as it is drive past the sensors. The
sequence of engagement of the sensors 48 and 50 and
the amount of time between each detection is utilized to
generate control signals for correcting skew (rotational
mispositioning of the sheet about an axis perpendicular
to the sheet) of the sheet by variation in the speed of the
drive rolls 14 and 16.

A top or lateral edge sensor 52 is suitably mounted by
means (not shown) on the frame of the equipment on
which the registration system is mounted. This optical
detector is arranged to detect the top edge of the sheet
and the output therefrom is used to control transverse
drive motor 40. The basic logic of operation provides
that, if the sensor 52 is covered by the sheet, the motor
40 wiil be controlled to move the carriage to the left
(FIG. 1). If, on the other hand, one of the sensors 48, 50
indicates the presence of the leading edge of the sheet,
and if sensor 52 remains uncovered, then the motor 40 is
drive to move the carriage 12 rightwardly. In the pre-
ferred arrangement, the carriage is driven past the tran-
sition point, at which the lateral edge of the sheet is
detected by the change of state of the sensor 52. Then
the drive is reversed to position the lateral edge at the
transition point.

FI1G. 3 is a schematic illustration of a top view of a
registration system showing the positioning of the sen-
sors. This arrangement shows a fourth sensor 54, which
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‘reaches a desired poimnt in the feed path in synchroniza-

tion with a downstream operation. In this fashion, the
registration system performs a gating function. In high
speed systems, particularly ones for handling large
sheets of paper, it is desirable to employ releasable nip
rolls 56 and 58. These rolls drive the paper to the point
where the registration system begins making adjust-
ments to the position of the paper. At that point, the
rolls 36 and 58 are released so that the sheet is free to be
moved under the influence of drive rolls 14 and 16 and
the transiating carriage 12. Such releasable nip roll
arrangements are known in the art and no further expla-
nation thereof is necessary.

For the control of the registration system disclosed
above, control systems having the arrangement shown
in FIGS. 14 are desirable. Signals from the edge sen-
sors 48, 50, 52 and, alternatively sensor 54, are provided
to a controller §9. In a preferred arrangement, sensors
48 and 50 are utilized for both skew correction and
longitudinal gating. In an alternative arrangement, if
higher speed or accuracy is necessary, it may be desir-
able to employ a fourth sensor 54, for deriving signals
necessary for longitudinal gating.

The controller §9 can be a typical microprocessor
which is programmed to calculate correction values
required and provide control outputs for effecting ap-
propriate action of the stepper motors 18, 20 and 40.
Such microprocessor control systems are well known to
those of skill in the art and no detailed description
thereof is necessary. Outputs of the microprocessor are
provided to driver control circuits 60, for controlling
speeds and duration of drive of stepper motors 18, 20,
and 40. Suitable driver control circuits are known in the
art and no further detailed explanation is necessary.

Although the foregoing description has been in the

~context of a registration system having two separately

and independently drivable motors 18 and 20 for the
dnive rolls 14 and 16, it is possible to obtain skew cor-
rection with this design by the use of a single speed
controllable drive roller used in conjunction with a
drive roll driven at a constant speed. For example, the
drive roll 14 could be driven through a suitable drive
transmission, such as a belt or gear train from the main
drive motor of a copier, at a constant speed. Skew cor-
rection can be achieved by varying the speed of the
second drive roll with respect to the constant velocity
drive roll. Such a system is particularly useful in situa-
tions where the registration system does not have to
provide lead edge gating. The advantages of quick skew
correction and lateral edge correction are maintained,
while the cost of the unit can be reduced by elimination
of one of the variable speed drives.

Referring to FIG. §, a typical operating sequence for
the registration system will now be described. For pur-
poses of this analysis, the roll drive and translation mo-

~ tion are all assumed to take place with constant acceler-

may be an optical sensor, mounted in the feed path of 60

the sheet S to detect the position of the lead edge of the
sheet. The arrival time of the leading edge of sheet S at
sensor 34 1s compared with a reference signal, for exam-
ple one occurring after skew correction is complete, to
derive a process direction error correction value., This
value 18 compared with a desired value and the velocity
of the two drive rolls 14 and 16 is temporarily increased
or decreased so that the leading edge of the sheet

65

ations. From point tg to t;, the drive rolls 14 and 16 are
both being driven at the same constant speed. Time t;
represents the time at which skew sensor 48 and 50 first
detects the leading edge of the sheet S. The controller
uniformly decreases the speed of both drive rolls 14 and
16 during the period ti-t2. Thereafter, depending upon
the direction of skew detected by sensors 48 and 50, the
speed of roll 16 is increased (as shown in FIG. §) or
decreased during the period of time t>-t3, while the
speed of roll 14 is correspondingly decreased (as shown
in FIG. §) or increased in the same time period. Prefera-
bly, the speed variation curves are substantially sym-
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metrical. By the time t3, the skew position of the sheet
has been corrected by the differential speeds of rolls 14
and 16. Also, the position of the leading edge of the
paper is determined by controller §9 based on the initial
position detection by sensors 48, S0 and the control
inputs to rollers 14 and 16, or, alternatively by sensor 54
sensing the leading edge of the sheet. The speed of rolls

14 and 16 is than uniformly changed (for example, in-

creased as shown in FIG. §) during the period t3to tgso
that the leading edge of the sheet is in registration with
a desired point in the feed path to provide synchroniza-
tion of the sheet for feeding into a downstream opera-
tion. At the time t3, when correct skew positioning has
been achieved, the carriage translating motor 40 is
driven to effect lateral edge positioning. The system
senses a sensor transition at time tsand then moves back

to the location at which the transition took place by the

time t¢. Thus at tg, skew positioning, lateral edge posi-
tioning and longitudinal edge positioning is complete.
The velocity profiles for the drive motors 18, 20 and
40 can be derived from lookup tables stored in the mi-
croprocessor or derived on the basis of algorithms 1m-

plemented by the microprocessor. The derivations of

such profiles are routine calculations taking into ac-
count such parameters as the distance between sensors,
the distance between drive rolls, the diameter of the
drive rolls and the desired sheet speeds. Such computa-
tions and implementation via microprocessor involve

the exercise of routine engineering skill and further 10

explanation is unnecessary.
The foregoing registration system has a major advan-
tage over crossed roll registration in that is uses no edge
guides. In addition, the registration is software adjust-
able and does not require tedious adjustment of guiding
surfaces within the paper path. In comparisons to previ-
ous electronic registration designs, this system reduces
paper path distance required and, as a result, allows
higher speed operation and/or larger input registration
is also improved as a result of near elimination of paper
rotation in the registration process. In addition, the
control systems necessary have been simplified and the
need for a preliminary skewed feed to achieve lateral
edge registration 1s eliminated.
What is claimed is:
1. Apparatus for positioning a sheet in a feed
comprising:
first and second sheet drive rolls rotatably mounted in
the feed path for rotation about respective first and
second coaxial axes transverse to the feed path;

means for moving the first and second rolls trans-
versely with respect to the feed path;

first and second drive means for independently rotat-

ably driving the first and second rolls, respectively;
sensor means for detecting the transverse, longitudi-
nal and skew positioning of a sheet in the feed path;
means responsive to detection of the transverse mis-
positioning of a sheet in the feed path by the sensor
means to control movement of the transverse roll
moving means;
means responsive to detection of longitudinal mispo-
sitioning of a sheet in the feed path by the sensor
means for changing the drive speed of the first and
second rolls; and

means responsive to detection of skew mispositioning

of a sheet in the feed path by the sensor means for
changing the speed of one roll with respect to the
other roll.

path,
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2. Apparatus as in claim 1, wherein said sensor means
comprises optical sensors.

3. Apparatus as in claim 1, wherein said transverse
moving means comprises a stepper motor.

4. Apparatus as in claim 1, wherein the first and sec-
ond drive means comprise stepper motors.

5. Apparatus as in claim 1, wherein the axis of rota-
tion of the first roll and the axis of rotation of the second
roll are coaxial. |

6. Apparatus as in claim 1, wherein the transverse
moving means comprises a carriage, said first and sec-
ond rolls being rotatably mounted on the carriage;
means mounting the carriage for movement transverse
to the direction of feed of sheets in the feed path; and
drive means for moving the carriage transversely of the
feed path. .

7. Apparatus as in claim 6, wherein the transverse -
drive means comprises a stepper motor.

8. Apparatus as in claim 7, wherein the drive means
includes a lead screw and the stepper motor.

9. Apparatus for positioning a sheet in a feed path,
comprising:

first and second sheet drive rolls coaxially mounted in

the feed path for rotation about axes transverse to
the feed path;

first drive means for rotatably driving the first roll at

a substantially constant speed;

second drive means for rotatably driving the second

roll at variable rates of speed;

means for moving the first and second rolls trans-

versely with respect to the feed path;

sensor means for detecting the transverse and skew

mispositioning of a sheet in the feed path;

means responsive to detection of transverse misposi-

tioning of a sheet in the feed path by the sensor
means to control movement of the transverse roll
moving means; and '

means responsive to skew mispositioning of a sheet in

the feed path by the sensor means for changing the
speed of the second roll with respect to the first
roll. -

10. Apparatus as in claim 9, wherein said sensors
comprise optical sensors.

11. Apparatus as in claim 9, wherein said transverse
moving means comprises a stepper motor.

12. Apparatus as in claim 9, wherein said second drive
means comprises a stepper motor.

13. Apparatus as in claim 9, wherein the axis of rota-
tion of the first roll and the axis of rotation of the second
roll are coaxial.

14. Apparatus as in claim 9 wherein the transverse
moving means comprises a carriage, said first and sec-
ond rolls being rotatably mounted on the carriage;
means mounting the carriage for movement transverse
to the direction of feed of sheets in the feed path drive;
and drive means for moving said carrniage transversely.

15. Apparatus as in claim 14, wherein the transverse
drive means comprises a stepper motor.

16. Apparatus as in claim 1§, wherein the drive means
includes a iead screw and means rotatably interconnect-
ing the lead screw and the stepper motor.

17. A method of aligning a sheet in a feed path com-
prising the steps of:

moving the sheet in the feed path;

detecting skew positioning, lateral positioning and

longitudinal positioning of the sheet in the feed
path; and
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controlling positioning means including drive rolls
for moving the sheet along the feed path in substan-
tially simuitaneously correct any lateral misposi-
tioning and longitudinal mispositioning detected
during the detecting step, including selectively
moving the drive rolls at independently variable
speeds and transversely to the feed path.

18. A method as in claim 17, wherein the step of

5,094,442
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8

controlling said drive means includes varying the speed
of the drive rolls, wherein said drive rolls engage op-
posed sides of the sheet.

19. A method as in claim 17, and further comprising
the step of correcting skew mispositioning of the sheet
before correcting lateral and longitudinal misposition-

ing of the sheet.
x B x x x
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